This study compared the effects of external hex, internal octagon, and internal Morse taper implant-abutment connections on the peri-implant bone level before and after the occlusal loading of dental implants. Periapical radiographs of 103 implants (63 patients) placed between 2002 and 2010 were collected, digitized, standardized, and classified into groups based on the type of implant-abutment connection. These radiographs were then analyzed with image-processing software to measure the peri-implant crestal bone change during the healing phase (4 months after implant placement) and at loading phases 1 and 2 (3 and 6 months after occlusal loading, respectively). A generalized estimating equation method was employed for statistical analysis. The amount of peri-implant crestal bone change differed significantly among all timephase pairs for all 3 types of implantabutment connection, being greater in the healing phase than in loading phase 1 or 2. However, the periimplant crestal bone change did not differ significantly among the 3 types of implant-abutment connections during the healing phase, loading phase 1, or loading phase 2. This retrospective clinical study reveals that the design of the implant-abutment connection appears to have no significant impact on shortterm peri-implant crestal bone change.
Introduction
Dental implants have been widely accepted as a predictable and reliable tool for dental reconstruction, but it is still necessary to ensure that the height of the peri-implant crestal bone is maintained (Buser et al., 2002) . Albrektsson et al. (1986) proposed that a dental implant can be considered successful if peri-implant crestal bone loss is less than 1.5 mm during the first year after implant placement and less than 0.2 mm annually thereafter.
The type of implant-abutment connection (Quirynen et al., 1992; Koo et al., 2011) has been considered to be one of the major factors (Quirynen et al., 1992; Malevez et al., 1996; Oh et al., 2002; Vidyasagar and Apse, 2004; Isidor et al., 2006; Abrahamsson and Berglundh, 2009; Koo et al., 2011) affecting peri-implant crestal bone change. Astrand et al. (2004) reported that bone change was greatest during the period following implant placement and before superstructures were constructed for patients who received either internal or external hex abutments. However, the volume of crestal bone lost was small between baseline and followups at 1, 3, and 5 years and did not differ significantly between internal and external hex implants. Weng et al. (2008) conducted a histologic comparison of the degree of bone loss between the internal taper and external hex connections of implant systems with either epicrestal or subcrestal placement in animals. Periimplant bone height at 3 months after abutment connection changed least for epicrestal placement of implants with an internal taper implant-abutment connection.
The literature (Maeda et al., 2006; Pessoa et al., 2010; Nishioka et al., 2011; Chu et al., 2012; Streckbein et al., 2012) indicates that the type of implantabutment connection may influence the stresses and strains induced in periimplant crestal bone. Nishioka et al. (2011) conducted in vitro experiments with implant bodies embedded in resin blocks using external hex, internal hex, and internal Morse taper systems. They found that peri-implant bone strain varied significantly with the type of implant-abutment connection. Finite element analyses predict that the stress distribution in peri-implant bone differs with the type of implant-abutment connection (Maeda et al., 2006; Pessoa et al., 2010) . Chu et al. (2012) further demonstrated that either increasing the thickness of the inner wall of the implant body or decreasing the width of the implant-abutment connection reduces the stress in the peri-implant bone.
Only a few studies (Engquist et al., 2002; Astrand et al., 2004) have examined whether implant systems with external hex, internal hex, internal octagon, and internal Morse taper connections cause different degrees of peri-implant crestal bone change during (1) the healing phase before implants are subjected to bite forces and (2) the loading phases after prostheses are constructed and subjected to bite forces. Therefore, the aim of the present study was to determine if peri-implant crestal bonelevel alterations at different time phases may depend on the type of implantabutment connection. This study also examined peri-implant crestal bone changes between the healing phase and the loading phases (3 and 6 months).
Materials & Methods
This retrospective study analyzed periapical radiographs obtained from patients receiving dental implant treatment at the Department of Dentistry, China Medical University Hospital, from 2002 to 2010. This study was approved by the Clinical Research Ethics Committee of the Institutional Review Board of the China Medical University Hospital (approval DMR101-IRB-1-078). Because the type of the superstructure (Sadowsky, 1997; Heckmann et al., 2001) and the diameter and length of the implants (Winkler et al., 2000; Petrie and Williams, 2005) could influence the load and stress/strain distributions of implants as well as the clinical outcomes, only the periapical radiographs of single implants and 2 implants splinted with a fixed dental prosthesis in the posterior region were selected in this study. The diameters and lengths of the implants were also limited to 4 to 5 mm and 10 to 12 mm, respectively. Implants that supported overdentures, implants with cantilevered fixed partial dentures, and the implants opposing removable partial or complete dentures were excluded. Additionally, cases with implant failure and severe bone loss due to peri-implantitis were excluded to avoid large error values.
All implants were placed at healed edentulous ridges at least 2 months after tooth extraction, and a standard healing protocol was followed (which lasted 4 and 6 months for the mandible and maxilla, respectively). The implants were embedded at the crestal bone level with cover screws to facilitate healing, followed by the connection of abutments 3 to 6 months thereafter. In our normal clinical protocol, successful osseointegration of dental implants would be confirmed by a Periotest value (Siemens, Bensheim, Germany) of less than +5 (on healing abutments; Cranin et al., 1998) and the presence of healthy gingival tissue before taking impressions. After the connection of impression copings, a periapical radiograph perpendicular to the occlusal plane was taken with a cone indicator (Cone Indicator III, Hanshin Technical Laboratory, Nishinomiya, Japan). These periapical radiographs were used to check that the impression copings had been seated completely; they also served as baseline data of the peri-implant crestal bone level. The impressions were made with a transfer technique 3 weeks after healing during the second stage, and the prosthesis was delivered at least 5 weeks after the second stage. The following 3 types of implantabutment connections were selected: external hex (Brånemark System TMMK IV TiUnite, Nobel Biocare, Gothenburg, Sweden), internal octagon (Submerged Atlas, Cowellmedi, Busan, South Korea), and internal Morse taper (Ankylos Plus Implant, Friadent, Mannhein, Germany). All prostheses were cemented to the abutments, which were then connected in the delivery appointments. Detailed information about the implants and patients are given in Table 1 .
The time intervals for measurement were designated as T0, T1, T2, and T3, where T0 represents the day of implant placement; T1, the day when the prosthesis was delivered (after approximately 4 months of implant placement) and the start of occlusal loading; T2, approximately 3 months after the start of implant loading; and T3, 6 months after the start of implant loading. Any changes in the height of the peri-implant crestal bone were observed during the healing phase (i.e., T0-T1), loading phase 1 (i.e., T1-T2), and loading phase 2 (i.e., T1-T3). Such changes in the peri-implant bone level during the healing phases would indicate bone changes during the healing time of the implant. The changes in the peri-implant bone levels during loading phases 1 and 2 demonstrate bone changes that occurred approximately 3 and 6 months after occlusal loading, respectively.
To minimize errors, all the periapical radiographs were taken with a cone indicator (Cone Indicator III) with a standardized radiographing process performed by an experienced and welltrained technician, using size 2 films (Kodak Ultra-speed, Eastman Kodak, Rochester, NY, USA) that were kept parallel, with the X-ray beam (70 kV, 10 mA; PY-70C, Poo Yee X-ray, Taipei, Taiwan) perpendicular to the implant. Films were then developed with appropriate fresh chemical solutions in an automatic processor (DENT-X 810 basic, Dent-X Corporation, Elmsford, NY, USA). Standard radiographing protocols were followed at each recall visit (i.e., T0, T1, T2, and T3).
This study used a digital camera (D50, Nikon, Tokyo, Japan) with a 60-mm macro lens, f/11 aperture, and a 1/60-second shutter speed with professional copy-board positioning under a standard X-ray-viewing (5200 K) light source to reshoot and transform the X-ray films into images with 3008 × 2000 (width × height) pixels. After the images were digitized, ImageJ software (National Institutes of Health, Bethesda, MD, USA) was used to analyze and measure changes in the peri-implant bone height. The Figure shows the reference points for measurements. The bone-implant contact point was the first contact point between the bone and the implant. The vertical bone gap (VBG) was the vertical distance between the implant-abutment junction and the bone-implant contact point. Differences in the VBG measured at various times were used to quantify the changes in the peri-implant bone level (Appendix Table) .
SPSS 18 was used for statistical analyses. Linear regression models based on generalized estimating equations (GEEs; Zeger and Liang, 1986 ) were used to analyze the differences in the mean values of the mesial and distal periimplant bone changes for the 3 implantabutment connection types during the 3 time phases. This model considered the correlations of within-subject repeated measures. Robust sandwich estimators were used to compute standard errors, and an exchangeable working correlation matrix was used to model patients clustering within the 3 time phases for the GEEs. The Wald chi-square test was then used to determine whether the regression coefficient was zero; nonzero values indicated statistically significant differences in peri-implant crestal bone change between the various implantabutment connection designs and time phases. The Bonferroni test was used for the post hoc test. A 2-tailed significance level of alpha = 0.05 was used for indicating the level of significance in all 
Results
In total, this study included 63 patients (35 men, 28 women; age, 47 ± 11 years) with 103 implants (Table 1) . Table 2 lists the peri-implant crestal bone changes for the 3 implant-abutment connection types (external hex, internal octagon, and internal Morse taper) during the 3 time phases (healing phase, loading phase 1, and loading phase 2).
This study used the GEE method to conduct an overall test to determine whether the changes in height of the peri-implant bone differed between any 2 groups comprising the 3 implantabutment connection types and 3 time phases. The results indicated that there were no statistically significant differences among the different types of implantabutment connections (p = .35) but that there were significant differences between the time phases (p < .001).
A Bonferroni post hoc test confirmed that the peri-implant crestal bone change did not differ significantly among the external hex, internal octagon, and internal Morse taper implant-abutment connections at each of the 3 time phases (p > .50; Table 3 ) but that it did differ significantly among the healing phase, loading phase 1, and loading phase 2 irrespective of the type of implantabutment connection used (p < .001; Table 3 ).
Discussion
Three common commercially available implants with different types of implantabutment connections (external hex, internal octagon, and internal Morse taper systems) were studied for their effects on the peri-implant crestal bone change during the first year after implantation. The mean changes of the peri-implant crestal bone were less than 1 mm in the first year for all implants. Crestal bone changes that occurred between the placement of implants and 6 months after loading were all well within the success criteria proposed by Albrektsson et al. (1986;  i.e., bone loss < 1.5 mm in the first year).
Crestal bone change did not differ significantly among the types of implantabutment connections, but it was slightly greater-60% for external hex and 52% for both internal octagon and internal Morse taper-during the healing phase (before occlusal loading) than during loading phases 1 and 2 (3 and 6 months after occlusal loading, respectively). These findings are similar to those of Enkling and colleagues (2011) , who found that peri-implant crestal bone change was slightly greater during the healing phase than after the implants were loaded. Several factors could hypothetically induce changes in crestal bone, including surgical trauma, occlusal overload, peri-implantitis, the microgap, the biological width, and the implant crest module used (Oh et al., 2002) . The factor tested in the current study was the connection of the healing abutment in the second stage. Changes in crestal bone before occlusal loading are most likely to result from surgical trauma to the bone surrounding the implant when a heading abutment is connected in the second stage of surgery. It is well recognized that crestal bone resorption during the first year should be less than 1.5 mm (Albrektsson et al., 1986) , and the current study supports this. The biological width was significantly greater for 2-piece implants than for 1-piece implants in the study of Hermann et al. (2001) , and this was attributed to the existence of an microgap (interface) at or below the crest of the bone. Lazzara and Porter (2006) reported that a concept of platform switching could bring the inflammatory cells infiltration, which would reduce the peri-implant crestal bone change. Subsequent studies have supported the advantages of platformswitching designs (Pontes et al., 2008) . However, our study and those of others (Veis et al., 2010; Baffone et al., 2011) found that a platform-switching design did not affect the peri-implant crestal bone level; in fact, a greater peri-implant crestal bone change was found in the healing phase. This finding was in accordance with Enkling and colleagues' (2011) finding that time-rather than platform switching-was the primary factor affecting the peri-implant bone height in human subjects.
One of the limitations of the present study was the small sample size, which was due to the application of the strict inclusion criteria of implantretained single or splinted crowns and to implant diameter and length falling within the ranges of 4 to 5 mm and 10 to 12 mm, respectively. Future studies should increase the number of samples and extend the follow-up period. Even though a standardized radiographing procedure was applied in the present study to minimize errors in the obtained periapical radiographs, individual custommade holders were not used throughout the study. Additionally, the effect of the biological width between implant and abutment on the surrounding bone level was not examined. Some researchers have indicated that peri-implant bone level can be influenced by the biological width and that this dimension varies with the implant design (Hermann et al., 2001; Linkevicius and Apse, 2008) . Future investigations should perform randomized controlled clinical trials with custom-made perpendicular holders and test the effects of connection type between implant and abutment on periimplant bone level to determine if the biological width around implants exerts significant effects on bone change.
Conclusions
Within the limitations of this study, the following conclusions can be drawn: First, the level of peri-implant crestal bone does not differ significantly during either the healing phase or the loading phases among 3 different implantabutment connection designs (external hex, internal octagon, and internal Morse taper). Second, the level of periimplant crestal bone changes significantly with the time interval (healing phase, loading phase 1, and loading phase 2), with it being slightly greater before the application of occlusal loading.
